Section 3
Existing System

3. EXISTING NORTHERN GOVERNORATES WATER
SYSTEM

3.1 General

This study is intended to identify facilities that will alleviate the problems and constraints
within the existing NGWA water supply system, as well as the requirements to meet the
long-term growth in water demands. The purpose of this section is to summarize the
existing conditions, and the work accomplished on this study in hydraulic network analysis
of the existing system.

In general, NGWA is faced with a shortage of water and pipe capacity that requires
rationing of water to customers, with many of them receiving water only one or two days
per week. The NGWA system contains a backbone of sources and transmission pipes that
serve numerous local distribution networks, but the historic development of the local
distribution networks has been somewhat haphazard, and the local networks were built to a
low standard that has resulted in high levels of leakage. The SOGREAH and SAFEGE
hydraulic-analysis studies (completed in 1998) found that many of the small distribution
lines are above ground and hence susceptible to damage and tampering. The rationing of
water is intended not only to ration the limited available supply, but to limit the physical
leakage from the system, that would be greater under conditions of continuous supply. It is
unfortunate that when the SOGREAH and SAFEGE plans for rehabilitation and
restructuring were completed in 1998, funds were not available to design and implement the
plans.

3.2 Historical Development and Current Status

The existing transmission system and major well fields are shown on Figure 3-1. Operations
are decentralized into the East and West transmission systems, and into 10 ROUs (Regional
Operations Units) that take care of the local distribution networks. Irbid governorate is
divided into 6 ROUs (Irbid, Al Koura, Bani Kanana, Bani Ubaid, North Shouna and
Ramtha), Mafraq has 2 ROUs (Mafraq and North Badia), while Ajlun and Jerash each have
one ROU.

The oldest portions of the East transmission system were first built about 1940, to carry
water from the Zatary and Aqgeb well fields. A major portion of the water produced from
these well fields is exported to the Amman and Zarqa water supply systems. The major
pumping and storage facilities at Zatary Pump Station were built in about 1938, and have
been modified and expanded over the years (when new pipelines were added in 1975-1985).
Pumps installed in 1938 have been carefully maintained, and remain in operation to this
day. Currently the East transmission system serves the ROUs of North Badia, Mafraq, and
portions of Jerash.

The West transmission system was developed in the mid-1980s, and carries water from the
Wadi Al Arab, Tabagat Fahel and Manshyeh well fields to a major storage facility in Irbid
(Zubdat Farkouh Reservoir, with a volume of 110,000 m3). Pumping heads are very high
within this system. Two well fields are pumped from below sea level at the Wadi Al Arab
PS0, to join the flows from the Wadi Al Arab well field at the Wadi Al Arab water treatment
plant. From here the flows are pumped successively at PS1, PS2 and PS3 to reach the Zubdat
reservoir in Irbid; all these pump stations operate at hydraulic heads of about 200m.
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The major pump stations (PS0, PS1, PS2, and PS3) have been recently expanded and rebuilt,
with the new pumps installed in separate pump station structures. Wadi Al Arab WTP was
built in the mid-1980s in the same time the Western System was built, the plant capacity is
2300m3/h and share the same site with PS1. The treatment process at Wadi Arab WTP
comprise aeration, sedimentation filtration and disinfection.

The NGWA water supply is obtained from groundwater sources, of which water was
produced from about 93 individual wells, springs, or well fields (groups of wells tied to a
pump station) during 2003, as shown in Table 3-1. In total, there are about 200 individual
wells or springs in the system. The water production from local wells operated by the ROUs
in 2003 amounted to 27.6 MCM. The East and West transmission systems produced 22.7 and
19.8 MCM respectively.

Table 3-1 Internal Water Production, Imports and Exports, 2003

Gvrte. ROU or Number of Water Sources: Operating/Total Production in 2003
System Single Wells | Springs | Well Fields | Total Sources| CM/Yr | CM/day|CM/hr
Ajlun  Ajlun 2/ 4 5/ 7 1/ 2 8/ 13 2,626,868 7,197 300
Irbid Al Koura 2/ 4 0/0 2/ 2 4/ 6 2,651,783 7,265 303
Irbid Bani Kanana 2/ 5 0/ 0 1/ 3 3/ 8 479,163 1,313 55
Irbid Bani Ubaid 1/ 1 0/ 0 2/ 2 3/ 3 406,224 1,113 46
Irbid Irbid 3/ 4 0/0 9/9 12/ 13 3,157,845 8,652 360
Irbid North Shouneh 5/ 10 1/1 0/0 6/ 11 1,369,672 3,753 156
Irbid Ramtha 717 0/ 0 5/6 12/ 13 1,582,391 4,335 181
Jerash Jerash 4/ 9 3/ 7 4/ 5 11/ 21 2,711,481 7,429 310
Mafraq Mafraq 4/ 9 0/0 6/ 7 10/ 16 7,159,874 19,616 817
Mafrag North Badia 4/ 13 0/0 9/ 12 13/ 25 5,486,193 15,031 626
Subtotal, ROUs 34/ 66 9/ 15 39/ 48 82/ 129 27,631,494 75,703 3,154
East Transmission 0/ 4 0/0 3/3 3/ 7 22,666,026 62,099 2,587
West Transmission 6/ 10 0/0 2/ 2 8/ 12 19,776,635 54,183 2,258
Subtotal, Transmission 6/ 14 0/0 5/5 11/ 19 42,442,661 116,281 4,845
TOTAL, NGWA 40/ 80 9/ 15 44 | 53 93/ 148 70,074,155 191,984 7,999
Imports to NGWA 425,972 1,167 49
Exports from NGWA -11,688,720 -32,024 -1,334
NET, NGWA 58,811,407 161,127 6,714

Bulk water meters at 50 locations are used to measure the water imported and exported,
across the borders of the ROUs and the NGWA service area. Imports from outside NGWA
are relatively small, amounting to 0.43 MCM in 2003: about 0.38 MCM was obtained from
Zarqa to supply portions of Jerash and Mafraq; and about 0.05 MCM was obtained from
Balqga to supply a portion of North Shouneh.

NGWA exported a substantial amount of water to Zarqa, amounting to 11.69 MCM in 2003:
8.04 MCM to Zarqa/Khaw at Khaldiyeh; 3.11 MCM to Zarqa/Khaw at the Corridor Wells
(which serve Amman and Zarqa); and 0.54 MCM to Zarqa/Duliel at Khaldiyeh. Under
previous agreements, all (or a portion of) these exports are to cease when the Amman-Zarqa
supply systems obtain additional water upon completion of the Zara-Ma'in project.

3.3 Existing Transmission Systems and Networks

Figure 3-2 shows a profile of the existing transmission system, and the rationing schedule
that applied in May 2004. It shows both the East and West components of the existing
systems. The profile shows the elevations of the facilities in relation to each other, for the
components shown previously in Figure 3-1.
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The major water sources of the system are the Tabagat Fahel wells and Wadi Al Arab wells
in the west, and the Aqeb wells and Za'tary Wells in the east. The major facilities are
numbered sequentially from west to east on Figure 3-1, and are described below in
sequence.

Discharge from the Tabaqat Fahel wells is carried to a collection chamber at an elevation of
72m below sea level, then flows by gravity through a 600mm pipeline to a tank (designated
as PS0) at an elevation of -190m. The Manshiyeh wells are also collected at Tank PS0 by
gravity. The collected water in PS0 is pumped to Wadi Al Arab WTP (water treatment
plant). Water from the Wadi Al Arab wells is also collected at the WTP. Treated water is
discharged to a 3600m3 storage tank at PS1 at the WTP at elevation 36m and pumped into an
800mm pipeline to PS2 at an elevation of 234m. The pipeline feeds a portion of the flow to
the PS2 pumps, and passes the rest of the flow to a 1700m3 tank. The PS2 pump station
boosts water to PS3 at elevation 420m (which also contains a 1700m? tank). PS3 pumps the
water to Zubdat reservoir (110,000m?3) which supplies most of Irbid city. The 800mm
transmission line between PS3 and Zubdat reservoir along its way supplies Deir As Sina
town and Kufr Youba town supplementing supplies from the local source Juhfiyya Wells.

Zubdat pump station pumps water to reservoirs at Hofa through a 600mm transmission
line. It also pumps to Bani Kinana through a 200mm pipeline. Hofa reservoirs also receive a
small amount of water (10m3/h) from Juhfiyya. The Hofa reservoirs supply water in several
directions to serve such areas as Aydoun, Military Hospital, As Sarih, and Hoson PS
(through two parallel pipelines).

Hofa pump station conveys water to Samad tank at an elevation of 985m by a 400mm
pipeline, after which the Samad pump station conveys water to Ras Muneef Reservoir at
Elevation 1190m, which in turn supplies water to Ajlun and Jerash by gravity.

The Eastern part of the system comprises a collector pipeline which collects the discharge of
28 wells in Al Ageb Well Field in the Badia highlands at elevations between 820 - 720m, and
carries the flow to Za'tary PS at Elevation 655m. The 8000m3 reservoir of Za'tary is fed from
the 600mm collector transmission pipeline which also takes water by gravity to Khaldiyeh at
Elevation 640m and thence to Khaw PS where it's pumped to Zarqa and Amman.

In Al Za'tary there are three interconnected reservoirs, one tank of 8000 m? and two tanks of
1000 m3 capacity each. One of the 1000m3 tanks is fed by a 400mm collector pipeline that
collects the discharge of Al Za'tary Well field. Also there is a small tank of 100m? capacity
that collects the discharge of Um El Jemal well and Al Elbiat University wells. The pump
station of Al Za'tary pumps through a 600mm transmission pipeline to Um El Lulu, feeding
along its way many demand locations up to Zubdat reservoir

Um El Lulu PS is fed by a 200mm pipeline takeoff from the 600mm main transmission
pipeline. The takeoff feeds a 550m3 tank as well as the pump station, which boosts water to
Al Bwaydah PS via a 300mm pipeline that feeds some demand points along its way. Al
Bwaydah PS boosts to Mafraq and Abu Eiat in Jerash.

The transmission system, along its way, feeds many distribution zones in the east and west
part. There are some isolated zones serving small communities which are fed by local
resources rather than the transmission system; these zones are called "Resource Zones".
Figure 3-3 shows the areas supplied by the transmission system, and the remaining areas
that are served by local water sources (springs or wells).
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Over time, the existing transmission system will be extended to serve about 124 water
distribution reservoirs, which cannot be illustrated easily on a single profile, as in Figure 3-2.
The large range in ground elevation for the customers to be served can best be illustrated by
showing the water demands made on reservoirs, using the elevation of the reservoir as an
indicator. In most cases, the ground elevations of customer premises lie 20m to 50m below
the water level in the reservoir that serves them. The water demand on the transmission
system, as a function of reservoir elevation, is shown below in Figure 3-4. This is based upon
the year-2025 demand forecast of the WLRP project; the demands do not include those of
local distribution systems that are served entirely by local wells rather than the transmission
system.

Figure 3-4 Water Demands Sorted by Elevation of Local Service Reservoirs
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Approximately 30% of the total water demand is associated with the major reservoir,
Zubdat, located in Irbid at Elevation 625m. About 70% of the water demand can be served
by reservoirs at elevations between 500m and 800m; about 10% of the demand is at low
elevations ranging from 365m to 500m, while 20% of the demand occurs at high elevations
ranging from 800m to 1190m.

3.4 Analysis of GIS Database

The origin of the GIS database was the information collected by SOGREAH and SAFEGE
starting in 1997, which consisted of two parts: the base map and the network data. These
were documented in AutoCAD files.

The source for the base map was primarily the Ministry of Municipalities and Rural Affairs,
supplemented by as-built drawings of water facilities from the water authority, and verified
as necessary by field surveys, interviews and help from WAJ operation and maintenance
staff.

Under the OMS (Operations Management Support) project, the AutoCAD files were
converted into GIS coverages, and the maps and database have been updated continuously
to the present time. The structure of the resulting GIS database has several parts, as
described below.
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Shapefiles! for boundaries. Three types of boundaries are included:

. Administrative boundaries at three successively lower levels: governorates, towns
and villages, and blocks. The block boundaries are used in mapping the locations of
customers, to assist in system maintenance and repairs.

. ROU boundaries: the 10 Regional Operating Units have boundaries that were
defined by NGWA.
. Distribution and Resource Zones: these show how each zone is provided with water.

Figure 3-5 shows the distribution zones of NGWA, and Figure 3-6 shows the
resource zones of NGWA.

. Base map boundaries: these include the boundaries of land plots, land use
designations, and streets.

Pipe networks. The GIS data for the water network includes the layout of the pipes on the
base map, with information about the diameter, material, length, roughness, the ROU area
and other properties of the pipes. Table 3-2 shows the inventory of pipe lengths by pipe
diameter and material for the existing transmission system, obtained from the GIS database.
Table 3-3 shows the inventory of pipe lengths by diameter and material for the entire
network, by ROU service area. Table 3-4 shows the pipe lengths by diameter and material
for the entire network, and Table 3-5 shows pipe lengths by diameter for each ROU.

Topographic contours. Elevation contours at 20m intervals are available for all of the
NGWA area, with the exception of North Badia and the southern part of Mafraq. The project
team used the spot elevations from the SAFEGE report to produce contours using the spatial
analyst (an ArcGIS extension).

Water supply facilities and fittings. The GIS maps and database include information on the

following types of equipment and fittings:

. System flow meters: flows are measured at wells and many other locations of flow
transfer in the system. The database on each meter includes the type, status,
diameter, manufacturer, pressure rating and other properties. Table 3-6 shows the
number of meters by functional type (transmission, import, export, etc.) and status
(active, abandoned, planned). Figure 3-7 shows the locations of the bulk meters at
transfer points and flow monitoring points in the transmission system.

] Facilities: these include a broad range of items (wells, reservoirs, pump stations,
offices, repair shops, etc.) and attributes of each facility. Table 3-7 shows an
inventory of the number of NGWA facilities by type of facility. The active facilities
are shown subsequently on Figures 3-8 and Figures 3-8a through Figure 3-8d.

] Control valves: these include air release, altitude, check and pressure reducing
valves; the database includes the attributes of each valve.

. System valves: these regulate the flow in the NGWA network, and include gate, ball
and butterfly valves. Table 3-8 shows the number of valves by type for each ROU.

. Fittings: these include blind flanges at the ends of pipes, tees and elbows at

intersections, with a description of their properties.

Customer data. For each customer, the data include location, water consumption for the last
quarter, and the average of water consumption for the past 8 quarters. Table 3-9 shows the
number of customers and total consumption for each ROU. The Daily use per customer
reflects the average daily use by family rather than by individual.

1 A “shapefile” is the file format that the GIS software uses. Wherever “Shapefile” is mentioned in this
report it means a GIS data file.
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Table 3-2 Pipe Length (m) by Diameter and Material, Transmission System
Diameter Pipe Material
mm Ductile Iron | Steel [ Total
200 9,472 9,472
300 8,817 8,817
400 1,752 46,709 48,461
500 13,810 13,810
600 35,380 81,469 116,849
800 22,986 22,986
Total 60,118 157,388 220,396
= Total
B Steel
m Ductile Iron
250
l 200
l 150
Length, km
l 100
i .
Total 0
Steel 200-300
. _ 400
Material  pyctile Iron 500-600
800 .
Total Diameter, mm
m 3-9 Final Feasibility Report

28 February 2005



Section 3

Existing System

9//'996'G |t92'sz_ [te6'ozt  [ees'Tvy  [sectosT  [890°9 908'98 _ [rer'ge  [geG'6ze  |evv'oes  [8se'o €29'281'T [169'sTe  [£28'2 £7€'619'C [162'T 882'C [e10.L
5/2'S0E 802'S L€5'0T __|v0S'e 9/9'2z _ |tos'sy s86've  [/e6'v9  |ss 698'ETT
62691 G62'T 699°'G 7672 9/9'.z _ [ro0'sy ¥8.82  [226'T 907'9S 19915 eyey
808'92T 6 16V 2029 6,529 [sS €9Y'LG uoJ| paziueare
812'6 €T16'C 698 9EY uol| 3|ong
9/2'092 7.6'TC 066'L 509'¢ S16'7E  |osc'ey 1eT'6E  [e8e's2 eov'28  [ee
8VS'E 855 12 2LT 16€ umouxun
S67'68 229y €21, 509°C 20y £65'0€ 92T'€c  [199T 12L'ST 1991S
207’85 8 9,07 90€'8 6T e 6..TZ _ [6€ OAd| ®eunoys ulayuoN
269'7S 066'€ 6vC'T €561 uoJ| paziueare
19€'/2 2SELT S06'% vEL'T 68¢'€ /8 uol| 8|dNg
£11'92 898 210'0c__ |e/8's 12 Kejo
v8'951 919'0T__ fote'oz  [9ee'69 88 6v.'.T  [8€0'T9  |siz'ee 8.1'89  [969'6T 1G9'0ST
529'862 919'0T __ [otc’'oz  [9ee’69 88 6v.'.T  Jos.'65  [sTT'SE €02'79  [9TS'6T 20T 1931S
902°C €0T 08T 226'T OAd elpeg YuoN
£69°9VT €69°9vT UuoJ| paziueAes
02€'6 G8T'T 09Ty G/6°E uol| 3|dng
6€2'210'T 89e'0s  [r60'0Cc  [689'TH 965’22 [tve'T G88'TS  [ots'82T 129'vee__ |vzo'6e TTIE'0EY
8€9'2v9 0S5'vS  [e99'8T  [rE8'8E €65'€c  [eeT €16'.€ _ [888'02T €69'2T¢ 125’02 TS8'60T 1981S
9G2'T 789 1OV 0T OAd beuyen
90S'6TE 229’y 010'8 €/8'90€ uoJ| paziueare
T¥8'8% 618'T ZEV'T GG8'C 700’ 808'T /82'€T _ |ez8'L 706'T £61 9Ty'ET uoJ| 8|1ong
6€L'6T9 T0T'Y 19¢'2z  |s12'99 255'e6T  |ose'ez GE.'662
8E.'8 G2t 6SY'E vST'S umouun
¥6T Tre 10Ty €59'Tz  [ST/'99 06ECET 9EE'9T 1931S yselar
208y 2087 OAd
9T€'95E ove'sy  [0L2'62 S0T'8.C UuoJ| paziueares
6898 685'G 296'C 6ET uoJ| 9|1dna
9v8'6€G'T 19262 [926'TT  |62t'T 0S2'zy  [t€0'w €66'c¢__ [s16'S 615’67 [2€6'€ET €25'91€  [r2L'8E 7€7'688  |rSi'T
296'.G  |v6e £V0'Y 0€9'9T _ [e¢6e S0S'TT  [ezl'e S/E'22 umouxun
09€'6.8 |9eL 68T'E 62v'T Lec'ee  |eeL'’e 00.'6 €ee'e 8GT'8T _ [rTi'60T 6179 [08L°T 929'651 1991S pigJ|
S/9TIS G0E'L 89T'0v _ [0v6'9€ 608'Gerr  |vSr'T uoJ| paziueae
6v8'06  [1€9%C  [r69'% €8E°C 8v.'T 856 986'8 €12°/T 9€2'0€ uoJ| 3|1dng
202'22e 110'02 012’21 |s€0'C T66'TT €06'TT__ [/89'€T 29119 [r¥8s2 0zs'ssT  [roe el
212'06 896'C 0T, 2T [/€02 /2T'°E SOV, GS6'TT 789'6€ _ [888 LLEY 1991S piean Ueg
91961 202 8.y'Tz _ [956'92 6E5°.vT__[T0€ UuoJ| paziueaeo S
y1G'GE 8.0°LT 299'8 LEV'Y 2eL'T ¥09'€ uo.| 911ona
T69'69€ ¥60'S 0TS'T 1€9'0T _ |oTO'SH €86'T,.  [ev9'ze  [s0l'c 975'002 [ejoL
258'C 9€9'T 898 8v€ umouxun
8/£'6TT 85y 01S'T T€9'0T ¥8€' Ty 8/8'95 122’ 4l ¥ST'T 1931S
65T tl62  |ote 68 o1t oAd|  Fueuptied
989'¢¥e 066'T €98'0T _ [ote'ee  [sel'T 868'86T uoJ| paziueare
9€9 9€9 uoJ| 33ona
SYT'6T2 LTT G6e'cc  feze'st  [eeeio 65c'.e  |e6r's 01T 226'62T 88¢2'¢ [ejoL
€07'8T 9¢ 12 198 6€ TOS'ST Sv6'T umouyun eInoy v
6178 ITT G6€cc _ [s8z'sT  [eteio 168’1 fovle 01T 160'S €VE 1991S
€6G°9TT 815y 02.C ¥2€'60T UoJ| paziueAes
81S' TV 1€6'8 6€ T2h'L 199'se  [s10'99  [szt 829'9€T  [922'0v 976'G9T [eloL
TET'22E 219'9 2L 6ee'oe  [6.6'8€  [ser TLY'vL 6T 79T 1991S ey
980'8 €9€'9 €2L'T uoJ| paziueae :
TOE'TET 61IE'C 6€ LEE'S 9€0'/2 LGT'29 _ [eTv'vE uoJ| 3|1ong
[e101 008 009 00S 00v 0S¢ 00€ 0S¢ 002 05T Gzt 00T SL 29 0S L€ 4 [CHEE (noy) nun

(ww) 1912wWeIq adid

adid

suolresadQ [euoibay

SHI0OMIDN SunsIxg 2Iug VMON JO 19)durerq pue ‘rerdjeA odid ‘nOYA Aq (w) yppSuay adig  ¢-¢ d[qelL

Final Feasibility Report

3-10

28 February 2005



Section 3
Existing System
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